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The adaptation of many environments in Western Australia, especially the coastal areas (with the highest 
populations), to low nutrient levels (e.g. low PRI soils) has lead to the development of nutrient and irrigation 
management criteria that ensure sensitive environments (e.g. oligotrophic water bodies) are protected from 
eutrophication. The treatment of wastewater to meet acceptable environmental criteria in these environments is 
therefore often expensive and problematic due to the degree of nutrient removal required.  
Urine contains over 5O°/o of the phosphorus and potassium in wastewater as well as over 8O°/o of the nitrogen. 
Hence urine separation through urinals and separation pans is an effective way to reduce nutrient loading and 
associated treatment costs. The separation of urine from wastewater has been utilised in many regions of the world  
to reduce nutrient flows to treatment systems and offers a readily viable resource in the form of fertiliser. The 
chosen approaches for making urine a safe fertiliser include a holding period of 6 months and the use of newer 
technologies such as the MAP system.  
In Western Australia urine separation offers a potential option to reduce the costs of treatment required with many 
reuse projects. The technology available has been used for some time in other countries and the fertiliser produced 
from this process offers a method to reduce the production of fertilisers and close nutrient cycling loops.  
In this paper there is a discussion on the application of urine reuse in Western Australia highlighting its importance 
for wastewater reuse in sensitive environments. The paper will highlight current practices for urine treatment and 
exemplify the reduction in treatment system sizing and cost based on wastewater treatment in a sub surface 
wetland. 
Introduction 
Western Australia (WA) is the biggest state of Australia covering an area of 2 645 
615Km2.  It has a population of approximately 2 million people which are mostly 
contained in the south western region e.g. Perth, Fremantle, Rockingham and 
Mandurah. Although the state comprises a number of distinct climatic and geographic 
types, the area in the south west is principally subject to a Mediterranean climate (wet 
cold winters and dry mild to hot summers) with heath land and open woodlands 
dominating. The soils in these regions, especially coastal zone, vary in their ability to 
retain nutrients with many coastal areas such as those in the Mandurah and Perth 
region having extremely low nutrient retention ability due to the sandy nature of the 
soil.  
 
The low nutrient retention of many soils in the south west of WA coincides with low 
nutrient presence which has allowed the environment to adapt to low nutrient levels, 
causing it to be highly nutrient sensitive. Most waterways in this region such as the 
Peel-Harvey estuary are oligotrophic (nutrient deficient) in nature and have suffered 
(e.g. eutrophication) from anthropogenic sources of nutrients e.g. fertiliser application 
for agriculture and piggery effluent (Bolland et al., 2003). 
 
The south western region of WA, like most of Australia, is suffering from a lack of 
predictable rainfall. The amount of precipitation has been reducing in this part of the 
state whilst the water demand is growing with increasing urbanisation. These factors 
have placed an importance on water recycling with a projected target of 20% being 
aimed for. The water needs are also to be supplemented with aquifer sources (e.g. 
Yarradagee aquifer) as well as desalination from Cockburn sound.  
 
The unreliable water sources and increasing urbanisation in WA has brought about 
plans for innovation. The plans aim primarily at water conservation or production. 
However there may be a need to further focus on recovery of wastewater components 
(e.g. nutrients), especially non-renewable resources such as phosphorus for 
agricultural productions. The overuse of fertilisers and subsequent eutrophication 
should be part of the sustainable initiatives in the state. The source separation of many 
organic trace compounds, such as pharmaceutically active compounds, sex hormones 
and other endocrine disrupting compounds (e.g. Bisphenol A, acrylonitrile), may also 
be important, especially for use of biosolids and wastewater for supplementing 
potable water supplies. 
 
Innovation and Sustainability in the Wastewater Sector 
The concept of innovation and sustainability within the wastewater sector is changing 
with a focus on resource recovery e.g. recycled water, nutrients and minerals. Life 
cycle assessment tools are becoming utilised to show the most effective technologies 
in terms of energy usage and recovery, suitability of treatment approaches for reuse 
and innovative sustainable alternatives to conventional treatment systems (Hughes et 
al., 2006). 
 
The convention of treating a mixture of wastewater streams is a common occurrence 
across the world. The main factors behind this approach are the convenience of scale 
and management. The system can be designed for a large population in one effort and 
can be managed by a central authority without any efforts (besides water rates) from 
the population. The system further reduces the sewerage infrastructure and number of 
treatment systems for individual streams. Some resource recovery in the form of 
recycled water can be achieved but may require considerable treatment for specific 
uses e.g. potable water requires biological treatment, micro/ultra-filtration, reverse 
osmosis, oxidation or ozonation before usage.  
 
The main problem inherent in mixing wastewater is the reduction in component 
recovery and utility and thus its overall sustainability maybe questioned. When 
wastewater is mixed it is largely contaminated by different types of water that are 
suitable for specific activities as single streams but when mixed increase the cost in 
recycled water recover and allow the loss of valuable components e.g. nutrients. The 
same factor in the form of contaminated waste unsuitable for recycling has been 
identified and resolved in the solid waste management sector where separate streams 
of glass, paper and plastic, and solid organic waste are separated and reused within 
their specific stream. To avoid contamination more hazardous wastes are disposed at 
appropriate depots e.g. council depots.  
 
In the wastewater sector the use of separate streams is becoming more popular due to 
resource recovery and sustainability of non-renewable resources. The reduced effort 
applied to treatment of specific streams has also been found to be a valuable incentive 
as well as the ability to apply specific technologies to highly hazardous or 
concentrated streams. In the case of domestic wastewater three specific streams are 
identified (Table 1. NB: wastewater has been added for comparison). 
 
Table 1. The streams of water, sources, composition, treatment and utility. 
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Light grey water is a stream that can in most cases be reused without high levels of 
treatment. In domestic situations it can be reused for garden watering after passage 
through 2mm mesh. Light grey water has the potential to reduce water consumption 
by up to 30% in the south west of Western Australia where nearly 50% of water is 
used for out of house purposes e.g. gardening (Loh and Coglan, 2001). 
 
The black water and yellow water streams both hold promise for agricultural reuse as 
their composition is largely physiological wastes from food consumption. Black water 
however tends to be more difficult for reuse as it contains more pathogens, and is 
harder to transport and remove contaminants from when compared to yellow water. 
Yellow water on hand the other hand holds a lot of promise because it has the benefit 
of removing pharmaceuticals and nutrients from the wastewater which can reduce 
treatment costs, whilst it can be readily made into fertilisers suitable for agricultural 
reuse (Lange and Otterpohl, 1997). This approach has been well-known in the 
ecological sanitation (ecosan) literature.  
 
Yellow water 
Yellow water is comprised of urine and contains the largest proportion of nutrients 
(and potassium) in the wastewater stream (see Table 1 above). Yellow water contains 
low levels of heavy metals but has microelements at suitable concentrations for crop 
production (Jonsson, 2002). 
 
Yellow water is separated with the use of a urine separating toilet (see figure 1 
below). The toilets are dual flush and contain a U-bend in the urine separating section 
to produce a water seal that traps odours similar to a conventional toilet. The 
separated urine is then transferred through pipework to a storage tank. The urine 
requires a minimum storage period of six months before reuse. The six month period 
has been shown to reduce pathogens from accidental separation of faecal material to a 
safe level for all crops (Hoglund et al., 2002). In addition to the six month holding 
period urine may be acidified to reduce ammonia losses. 
 
 
Figure 1. The common types of urine separating toilet. 
 
The management of the toilet and pipework is critical for hygiene. The most common 
types of problems are blockages of the system from precipitation of calcium and 
magnesium complexes. These precipitates have the potential to block the toilet U-
bend and horizontal pipework. The use of caustic soda (NaOH) and a mechanical 
snake have been found to be effective management approaches. The use of pipework 
of >100mm and a reduction of horizontal pipework are often employed to reduce 
blockages (Jonsson, 2001). 
 
Fertiliser Production 
The use of urine for agricultural production has been estimated to recover up to 12% 
of N, 6% of P and 10% of K in Europe (Maurer et al., 2003). Thus it can recover a 
small percentage of nutrients for reuse within agricultural systems. Obviously other 
losses of nutrients, such as soil storage and groundwater transport cannot be managed 
by the wastewater sector and are associated with agricultural practices. However due 
to the high content of nutrients and minerals in urine recycling for fertiliser usage 
would allow the wastewater sector to run on a more sustainable pathway and other 
sectors would have to implement more sustainable measures in the future. 
 
The presence of specific components of urine allows it to readily precipitate certain 
compounds. The compounds are usually associated with calcium or magnesium and 
include  struvite [(Ca,Mg)(K,NH4)(PO4).6H2O)], calcite [CaCO3], hydroxyapatite 
[Ca10(PO4)6(OH)2], montgomeryite [Ca4Al5(PO4) 6(OH)5 . 11H2O], 
[Ca4MgAl4(PO4)6(OH)4.12H2O], brucite [Mg(OH)2] or epsomite [MgSO4 .7H2O]. 
Due to this the precipitation of nutrient compounds is largely based the present of 
magnesium and calcium. The pH changes from ureolysis also play an important role 
in precipitation by reducing the solubility of specific compounds (Lind et al., 2000). 
 
The precipitation dynamics of urine has allowed the development of specific 
technologies such as the MAP system that ensure precipitation is enhanced for 
specific insoluble compounds (e.g. struvite) due to their reliability on pH and calcium 
and magnesium. The use of zeolite and wollastonite to adsorb nutrients has also been 
utilised and along with struvite crystallisation allows a high degree of nutrient 
recovery to a mineral form suitable for use as a fertiliser (Lind et al., 2000). 
 
The removal of trace organic compounds such as pharmaceuticals and sex hormones 
has been shown to be successful in urine through electrodialysis because it is able to 
remove higher molecular weight organic compounds. Concentration of the salts in 
urine can be further achieved through this process (Pronk et al., 2006). 
 
Urine separating Systems and WA 
WA is well suited to urine reuse due to problems such as over application of fertilisers 
and eutrophication, and water scarcity.. Urine separation will ensure the costs applied 
to treatment of nutrients allows their effective reuse (see cost analysis below) and the 
sustainability gained by this approach provides an added incentive. The use of 
nutrient recovering techniques is not currently employed in WA but has been 
successful in many other countries such as Sweden and Switzerland.  
 
The use of urine separating systems has the potential in many areas of the south west 
due to poor nutrient retention in soils and close proximity to oligotrophic water 
bodies. Most of these areas can reuse the urine on nearby rural lands. There is a 
willingness in the area to trial the new methods with many centres (such as the 
Denmark for Sustainable Living) assessing the feasibility of urine separation and 
showing a strong dedication towards sustainable practices (ETC, 2003).  
 
Calculations and Costing 
The feasibility and cost of a tertiary treatment system for an area in south west of WA 
was calculated to show the cost saving and comparison of conventional and source 
separation approaches. The following factors were used in the calculation of a 
wetland treatment system after primary and secondary treatment.  The table below 
shows the effluent concentrations and the treatment through primary and secondary 
systems. 
 
Table 2. The size of a wetland required for tertiary effluent treatment with typical 
effluent, urine and phosphorus reduction. 
No Reduction 
    Treatment stage   Wetland size (m2) 
  raw primary  secondary   primary secondary 
BOD 300 120 30   70.1 28.5 
(mg/L) 
TN (mg/L) 60 60 24   380.7 251.5 
TP (mg/L) 20 20 15   917 829.4 
Urine separation 
    Treatment stage   Wetland size (m2) 
  raw primary  secondary   primary secondary 
BOD 
(mg/L) 300 120 30   70.1 28.5 
TN (mg/L) 14.4 14.4 5.76   176.3 26.6 
TP (mg/L) 12 12 9   761.5 673.8 
Urine separation/P reduction 
    Treatment stage   Wetland size (m2) 
  raw primary  secondary   primary secondary 
BOD 
(mg/L) 300 120 30   70.1 28.5 
TN (mg/L) 14.4 14.4 5.76   176.3 26.6 
TP (mg/L) 7.8 7.8 5.85   630 542.4 
Q = 10m3/d, Required Output 1mg/L P & 5mg/L N 
 
The primary treatment system (Septic/Imhoff Tank) was based on a 60% for BOD 
and no nutrient removal. The secondary treatment system (aerobic treatment system) 
was based on a 90% BOD, 60% TN and 25% TP reduction (ATU Based on Biomax; 
www.biomax.com.au) 
 
The urine separation was based on removal efficiencies from the wastewater of 80% 
for TN and 50% for TP (Maurer et al., 2003). In communities with a willingness to 
apply effective urine diversion it has been found that about 80% of urine is 
successfully removed (Jonsson, 2001). The loss of 20% is due to the use of the toilet 
by men (e.g. standing), although a urinal would increase diversion. The 80% removal 
was factored into the removal efficiencies. The reduction of P from low P detergents 
was based on a 35% reduction (Henze, 1997). 
 
The table above shows that based on these calculations the urine diversion and low 
phosphorus detergents can remove over three quarters of the TN and nearly two thirds 
of the TP load. Due to the wetland sizing being based on P removal (largest surface 
area, m2) there is a reduction of about one third when urine diversion and P reduction 
is employed. NB: the large losses of N from this system is likely to reduce plant 
growth and the comparison is for discussion purposes only; the use of a P dosing 
system (alum) is likely to be used before the wetland in an actual situation. 
 
The costing of this approach shows that about 5-10% of costs can be recovered with 
the use of urine diversion and P reduction and costs increase slightly with urine 
diversion alone. Overall, the costs savings are relatively small and the cost of P 
reduction alone without urine diversion is likely to be similar to urine diversion and P 
reduction.  
 
Table 3. The comparison of costs associated with typical treatment, urine separation 
and phosphorus reduction. 
  Tertiary Treatment Costs 
  Primary Treatment Secondary Treatment 
  No Separation Urine Separation Urine/P reduction No Separation Urine Separation Urine/P reduction 
Size (m2) 917 761 630 829 674 542 
Cost ($AUD) 72443 60119 49770 65491 53246 42818 
Total cost 72443 75119 64770 65491 68246 57818 
              




WA is well-suited to urine separation and requires further approaches towards 
innovation besides conventional wastewater recycling. The above calculations have 
shown that with urine diversion and P reduction there can be a slight cost saving when 
compared to conventional treatment. However it should be pointed out that with this 
approach the major saving is the sustainability of the project because it allows nutrient 
reuse as apposed to nutrient treatment and removal.  
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